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Abstract. Spiricella iiuguiculus Rang & Des Moulins, 1828 is a thermophilic opisthobranch species, occurring 
today in the eastern Atlantic from southern Portugal to Mauritania, and the Mediterranean. However, during its 
geological history, the species had a much broader geographic distribution, including also the North Sea basin and 
more northern Atlantic coasts of Western Europe. 

For more than 150 yr the species was known from a single specimen from the Atlantic Lower Miocene of the 
Aquitaine basin, France. More recently the species has been recorded from the European Oligocene, Miocene and 
Recent faunas. The discovery of Spiricella imguiculus in the Pliocene of the Mondego Basin (central-west Portugal) 
fills the gap existing in the geological distribution of the species. Although the overall recorded occurrences of 
the species are rare, the Cenozoic geographical distribution of S. iiuguiciiJus appears to have undergone 
a sharp southward contraction. This contraction is in accordance with the general biogeographic trend obseiwed 
for other Atlanto-Mediterranean gastropod taxa and with the Neogene to Recent Northern Atlantic cooling 
scenario. 

Key Words: Gastropoda, Opisthobranchia, Umbraculidae, Spiricella imguiculus. Pliocene, Atlantic, Portugal, 
Palaeobiogeography. 


INTRODUCTION 

Opisthobranch mollusks have reduced thin-walled 
shells or no shell at all. Consequently, these mollusks 
have a low fossilization potential and a relatively poor 
fossil record, when compared with most groups of 
gastropods. Therefore, as stressed by Valdes & Lozouet 
(2000), with the exception of the Cephalaspidea and the 
pteropods, little is known about fossil Opisthobranch 
molluscs. 

Spiricella Rang & Des Moulins, 1828, a monospecific 
opisthobranch gastropod genus, is a good example of 
this. Spiricella imguiculus Rang & Des Moulins, 1828, 
an Atlanto-Mediterranean thermophilic species, has 
a remarkably long geological history, spanning from 
the Oligocene to Recent, yet probably more papers 
have been written on this enticing little gastropod than 
there are specimens, fossil or Recent. 


* Corresponding author, e-mail addresses; Paleo.Caiios(a^ 
fc.ul.pt (C.M. da Silva), bernielandau(gsapo.pt (B.M. Lan¬ 
dau) 


Until twenty years ago the species was known only 
from one specimen from the Lower Miocene of 
Aquitaine. Since then, a series of papers have increased 
its geochronological range dramatically, making it one 
of the most long lived Cenozoic gastropod species 
known and, more important, an excellent biogeography 
case study. Spiricella imguiculus has been reported from 
the Lower Oligocene, Rupelian stage, of the Aquitaine 
basin, south-western France (Valdes & Lozouet, 2000), 
from the Lower Miocene, Aquitanian and Burdigalian 
stages, of the Aquitaine basin (Rang & Des Moulins, 
1828; Peyrot, 1932; Dekker, 1987; Valdes & Lozouet, 
2000; Lozouet, Lesport & Renard, 2001); from the 
Middle Miocene, Hemmoorian stage, Aalten Member, 
Netherlands (Janssen, 1984) and from the Pliocene, 
uppermost Zanclean to lower Piacenzian stages, of the 
Mondego basin, central-West Portugal (this paper). 

At the same time, the species has seen its geographical 
occurrences expanded from south-western France (Oli- 
gocene-Miocene: Rang & Des Moulins, 1828; Valdes & 
Lozouet, 2000) to the North Sea basin (Miocene: Janssen, 
1984), and Western Iberia (Pliocene: this paper). Spiricella 
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Sagres, Alvor, Lagos —^ Baratti ^ Giannutri 



Figure 1. Present day geographic distribution of Spiricella iingiticiihis and molluscan biogeographic provinces (after Raffi, Stanley 
& Marasti, 1985). 1 - French-lberian province; 2 - Mediterranean-Moroccan province: 3 - Mauritanian-Senegalese province. 


migiiiciilus is essentially subtropical in distribution. In 
the present day, it occurs in the Eastern Atlantic, in the 
southern coast of Portugal (between Alvor and Lagos: 
Hoeksema & Janssen, 1984; Geuze & Hoeksema, 1994) 
and in Mauritania, West Africa (Serini: Geuze & 
Hoeksema, 1994), and in the Mediterranean, in Italy 
(bay of Baratti, south of Livorno: Carozza & Rocchini, 
1987; island of Giannutri: Angioy & Nikolay, 1993), in 
Tunisia (island of Djerba: Carozza & Rocchini, 1987) 
and in Turkey (locality unknown; see Valdes & 
Lozouet, 2000) (Figure 1). 

Although described from several Oligocene to 
Pliocene localities, and reported from the present day 
Atlanto-Mediterranean region, the species always 
seems to be uncommon, known from less than a dozen 
fossil and Recent shells. What is more, nothing is 
known of the animal. 

Until now, there was a gap in the geological history 
of the genus. Spiricella was unknown from Upper 
Neogene formations. Recent work on the Atlantic 
Pliocene of the Mondego basin, at the Vale de Freixo 
outcrop, central-west Portugal, has yielded one speci¬ 
men of S. iiiiguiciilus. This exciting find, reported 
herein, fills the existing gap in the genus geological 
history, making it possible to trace its entire bio- 


geographical evolution and, more important, to corre¬ 
late it to late Cenozoic Atlanto-Mediterranean mollus¬ 
can biogeography and global climatic change. 

GEOLOGICAL SETTING 

Vale de Freixo is located in central-west Portugal 
(Pombal region) in the Mondego Cenozoic basin 
(Figure 2). The fossiliferous beds of this locality are 
Pliocene, uppennost Zanclean to lower Piacenzian, in 
age (Cachao, 1990; Silva, 2001). The calcareous 
nannofossil assemblage from these beds indicates 
placement in the biozone CN12a of Okada & Bukry 
(1980), after Cachao (1990). 

The Atlantic marine malacofauna of Vale de Freixo, 
as well as all the marine Pliocene molluscan assem¬ 
blages of the Mondego basin, correlate to the Pliocene 
MPMUl (Mediterranean Pliocene Molluscan Unit 1) 
as defined by Monegatti & Raffi (2001) for the 
Mediterranean (Silva, 2001). 

During the very end of the Zanclean and the 
beginning of the Piacenzian the Caldas da Rainha - 
Marinha Grande - Pombal region corresponded, 
generally speaking, to a shallow sea of wann waters, 
significantly warmer than today at that latitude, and 
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normal marine salinity, somehow protected from the 
direct influence of the open Atlantic ocean (Nolf & 
Silva, 1997; Silva et al., 2000; Silva, 2001). 

For further details, general stratigraphical setting of 
the Mondego basin, graphic columnar section of Vale 
de Freixo, and additional palaeomalacological refer¬ 
ences see Gili et al. (1995), Silva et al. (2000), 
Dell’Angelo & Silva (2003). 

SYSTEMATIC PALAEONTOLOGY 
Subclass Opisthobranchia Milne-Edwards, 1848 
Order Notaspidea P. Fischer, 1883 
Superfamily Umbraculoidea Dali, 1889 
Family Umbraculidae Dali, 1889 
Genus Spiricella Rang & Des Moulins, 1828 
Spiricella uuguicidus Rang & Des Moulins, 1828 
Figure 3 

1928 Spiricella unguiciilus Rang, 1828 - Rang & Des 
Moulins, p. 227, pi. 1, figs. 1-5. 


1932 Spiricella uuguicalus Rang, 1827 - Peyrot, p. 297, pi. 

18, figs. 38- 39, 42 (holotype). 

1984 Spiricella {uigidculus Rang, 1827 - Janssen, p. 386, pi. 

19, fig. 19a-d. 

1984 Spiricella imguicalas Rang, 1827 - Hoeksema & 
Janssen, p. 7, figs. 1-8. 

1987 Spiricella anguiculiis Rang, 1827 - Carozza & 
Rocchini, p. 63, fig. la-c. 

1987 Spiricella imgiiicultts Rang, 1827 - Dekker, p. 225, fig. 1. 
1994 Spiricella uagaicahis Rang, 1827 - Geuze & Hoek¬ 
sema, p. 225, fig. 1- 3. 

2000 Spiricella imgiiicuhis Rang and Des Moulins, 1828 - 
Valdes & Lozouet, p. 459, pi. 2, figs. 7-10. 

2001 Spiricella imguiculus Rang, 1828 - Lozouet, Lesport & 
Renard, p. 84, figs. 19d-e. 

2001 Spiricella iiaguiculiis Rang, 1827 - Silva, p. 590, fig. 
3.201. 

Material: One specimen (N^ VFX.03.381, Carlos 
Marques da Silva coll.. Geology Department, Sciences 
Faculty of the University of Lisbon), relatively well- 
preserved, from bed 3 of the Vale de Freixo outcrop, 
Pombal region, central-west Portugal. Pliocene, upper¬ 
most Zanclean to lower Piacenzian; calcareous nanno- 
fossils biozone CN12a of Okada & Bukry (1980); 
Mediterranean Pliocene Molluscan Unit 1 of Mon- 
egatti & Raffi (2001). 

























Page 22 


The Veliger, Vol. 49, No. 1 



Dorsal view 

(external surface) 


Ventral view 

(internal surface) 


Lateral view 

(rigth side) 


Figure 3. SpinceUa imgmculus Rang & Des Moulins, 1828. Specimen VFX.03.381. Length: 7,3 mm. Vale de Freixo, Mondego 
Basin, Portugal. Pliocene. 


Description: Shell small, 7.3 mm long, 3.4 mm width, 
thin, fragile, unguiform, subrectangular, antcro-poster- 
ioiiy elongate, with parallel sides and rounded extrem¬ 
ities, convex profile on the dorsal side. Apex eccentric, 
placed approximately one sixth of the total length from 
the posterior edge and slightly to the left. A narrow 
rectilinear sulcus runs obliquely from the apex to the 
edge of the posterior border. Protoconch paucispiral, 
naticiform, sinistrally coiled, arranged in the horizontal 
plane, consisting of 1.5 smooth whorls, diameter 
333 jum, with a medium-sized nucleus, diameter 
88 pm. The protoconch is partially embedded within 
the surface of the shell. Transition to teleoconch 
sharply delimited. Sculpture of the teleoconch absent, 
except for concentric growth lines, more strongly 
developed on the anterior part of the dorsum, giving 
it a rugose appearance. The growth lines are much finer 
and sometimes subobsolete on the anterior part. Edge 
sharp. Ventrum smooth and shiny, with a rounded, 
thickened rim of variable width (about V 4 the shell 
width: 0.6-0 .8 mm). A tenuous horseshoe-shaped 
continuous muscle scar is present on the posterior part 
on the inner edge of the rim, with the open end facing 


forward. The apex and sulcus are represented on the 
inner aspect by a rounded ridge. 

Remarks: Traditionally, the monospecific genus Spir~ 
icella has been placed in the Umbraculidae (Janssen, 
1984; Hoeksema & Janssen, 1984; Carrozza & Roc- 
chini, 1987; Valdes & Lozouet, 2000). Willan (1984) 
described members of this family as having patelliform 
shells, with a more or less centrally placed blunt apex 
and the protoconch arranged in a vertical plane. As 
previously pointed out by Valdes & Lozouet (2000), the 
shell shape of S. unguiculus is quite different, flattened, 
elongated, with the apex not prominent and the 
protoconch arranged in a horizontal plane. This and 
other differences in the shell ontogeny led Valdes & 
Lozouet (2000) to consider Spiv icella to belong to 
a separate supcrfamily from Umbraculoidea, but post¬ 
poned its definitive assignment until soft parts become 
available to study. 

The single Pliocene specimen available from the 
Portuguese Vale dc Freixo outcrop is very similar to 
those described and figured by other authors (Janssen, 
1984; Hoeksema & Janssen, 1984; Carrozza & Roc- 
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chini, 1987; Valdes & Lozouet, 2000) and agrees with 
the original description of the species and the holotype 
(Rang & Des Moulins, 1828; Peyrot, 1932). The 
protoconch is almost identical in form and dimension 
to that described and figured by Valdes & Lozouet 
(2000: pi. 2, fig. 7). Unfortunately, in the Portuguese 
Pliocene specimen, the protoconch is somewhat worn 
and, therefore, does not show the distinctive narrow 
ribbon at its border with the teleoconch described by 
these authors. 

Almost nothing is known of the ecology of this 
species. In the Pliocene of Vale de Freixo it occurs in 
fine sandy sediments, in association with a fossil 
assemblage indicating a subtropical normal salinity 
marine infralittoral habitat, with a fine sandy substrate 
(Silva, 2001). The North Sea basin Miocene specimen 
belongs to an assemblage indicative of an open marine 
environment of rather shallow water in a subtropical to 
temperate-subtropical climate (Hoeksema & Janssen, 
1984). The Recent Italian specimen was collected from 
dredgings on a muddy bottom at a depth of about 30 m 
(Carrozza & Rocchini, 1987) and the specimen from 
the island of Giannutri, Djerba, Tunisia, at a depth of 
about 54 m (Angioy & Nicolay, 1993). Both the single 
specimen collected from the Recent southern Portu¬ 
guese coast and that found in Serini, Mauritania, were 
found in fine shell grit taken from a beach also 
suggesting a shallow marine habitat (Hoeksema & 
Janssen, 1984; Geuze & Hoeksema, 1994). 

BIOGEOGRAPHY OF SPIRICELLA AND 
CLIMATIC CHANGE 

Today, the thermophilic gastropod S. unguicidiis occurs 
in the Northern Hemisphere on the Eastern Atlantic 
coast, from Southern Portugal to northernmost Maur¬ 
itania, and in the Mediterranean (Figure 1). Its 
distribution basically encompasses the Mediterranean- 
Moroccan province and the northernmost part of the 
Mauritano-Senegalese Province (as defined in Raffi, 
Stanley & Marasti, 1985) or the northernmost part of 
the northern alternance zone of tropical West Africa 
(as defined in Le Loeuff and Von Cosel, 1998). 

The most northerly records of Spiricella are those of 
the Lower Miocene of the North Sea basin. Janssen 
(1984) reported the occurrence of the species from the 
Aalten Member, Miste Bed of Winterswijk-Miste, 
which is equivalent to the North Sea Hemmorian stage 
(= Burdigalian, see Kowalewski et al., 2002). 

The Early-Middle Miocene was a time of global 
warming (Zachos et al. 2001; Kowalewski et al., 2002) 
and in the Eastern Atlantic, according to Brebion 
(1974), Lozouet & Gourges (1995) and Le Loeuff & 
Von Cosel (1998) a Euro-West African tropical 
molluscan province stretched from the West coast of 
France southwards to Angola. This Euro-West African 


province corresponds to the Eastern Atlantic expres¬ 
sion of the broader Early Miocene Proto-Mediterra- 
nean-Atlantic Region of Harzhauser et al. (2002), 
which according to the palaeogeography of R5gl 
(1998), would have roughly included the entire area 
of the Modern Mediterranean and part of the Eastern 
Atlantic coast, from the coast of Western France 
southwards. Earlier, during Oligocene times, again 
according to Harzhauser et al. (2002), a tropical 
Mediterranean-Iranian Province, part of the broader 
Western Tethys Region, covered the area of the 
modern Mediterranean Sea and probably included 
the European Atlantic coast up to the Bay of Biscay. 
Therefore, the presence of the subtropical Spiricella in 
the Oligocene of the Aquitaine basin, approximately on 
the northern limit of this tropical province is not 
controversial. 

Lower Miocene North Sea basin molluscan assem¬ 
blages show a strong thermophilic character, well 
established by the presence of taxa such as Conidae, 
Ficidae, Olividae, Terebridae, Architectonicidae, and 
Xenophoridae, amongst others (see, e.g., Sorgenfrei, 
1958; Anderson, 1964; Rasmussen, 1968; Janssen, 
1984). The low diversity of gastropods such as 
Conidae, with a maximum of three species, and 
Terebridae, with a maximum of five species, together 
with the absence of other typically megathermic 
gastropod taxa such as Strombus, strongly suggests 
that tropical conditions were not present in the North 
Sea region during Early to Middle Miocene times. 
Indeed, during Early-Middle Miocene, the North Sea 
region was part of a separate northern biogeographical 
unit from the Euro-West African tropical province: the 
Boreal province (of Kowalewski et al., 2002) or the 
Proto-Eastern Atlantic Boreal Region (of Harzhauser 
et al., 2002), roughly equivalent to the Recent Boreal- 
Celtic province of Raffi, Stanley & Marasti (1985). 
According to Hoeksema & Janssen (1984) and Zagwijn 
& Hager (1987), the southern coast of the Miocene 
North Sea was characterized by warm temperate or 
even subtropical climate as indicated, e.g., by the 
presence of thermophilic molluscs and extensive peats. 
Again, the presence of Spiricella in these deposits 
agrees with the general thermophilic character of the 
fossil mollusc assemblages. 

Taking the presence of the megathermic gastropod 
Stroinbus as a proxy of tropical conditions, during the 
Miocene the northern limit of the Euro-West African 
tropical province would be located somewhere north of 
the Aquitaine basin, possibly even farther north than 
the Loire basin. This assumption is based in the 
reported presence of several species of Stroinbus in the 
Aquitaine basin (Peyrot, 1932; Lozouet et al., 2001) 
and the possible occurrence of a single species of the 
genus in the Loire basin (Glibert, 1949). Harzhauser et 
al. (2002) assumed a similar northern extension (up to 



Page 24 


The Veliger, Vol. 49, No. 1 


Miocene 


Early to mid 

Pliocene 


Present day 


Fossil occurrences 


Boreal-Celtic Province 


French-lberian 

Province 




Mediterranean-Moroccan 
Province 

Faunal break zones 



M^uritanian-Senegalese 
Prdvince^^^ ^ ^ ^ 


Spiricella unguiculus 


Middle Miocene 

Netherlands 

Lower Miocene 

France 

Lower Oligocene 

France 

Pliocene 

Portugal 


Climatic zones 


j Cool tennperate 
I I Warm temperate 

I I Subtropical 

Tropical 


Figure 4. Fossil occurrences of Spiricella iingiiiculus and Neogene molluscan biogeographic provinces of the Atlanto- 
Mediterranean region. Present day bioprovinces after Raffi, Stanley & Marasti (1985). 


the Bay of Biscay) for their Early Miocene Proto- 
Mediterranean-Atlantic Region. 

Fience, since Early-Middle Miocene, north-westem 
France and the Channel region might have represented 
the southern boundary of the Boreal-Celtic province. 
Back then, from a climatic point of view, this 
biogeographic province was characterized by warm 
temperate to subtropical waters, at least in its southern 
area, and bordered, to the south-west, with the 
Miocene Euro-West African tropical province (Fig¬ 
ure 4). 

Jn the Pliocene, Spiricella is recorded only from the 
Mondego basin, central-west Portugal. The Pliocene 
malacofauna of the Mondego basin shows strong 
thermophilic affinity, again with the presence of taxa 
such as Conidac and Tcrebridae, but with poor 
diversity and lacking Strowbiis (Silva, 2001). Once 
more the presence of Spiricella in these deposits agrees 
with the subtropical character of the fauna. 

Cenozoic climate in the Atlanto-Mediterranean 
region, and indeed in the Northern Hemisphere, is 
marked by a relatively steady long tenn Oligocene to 
mid Pliocene cooling (Stanley & Ruddiman, 1995). 
After the Middle Miocene climatic optimum (Zachos et 
al., 2001), this cooling trend probably led to a step-by- 
step breakdown of the original European-West African 
tropical province, as its northern limit contracted 


southwards, and to the individualization of the present 
day Atlanto-Mediterranean wami temperate and sub¬ 
tropical bioprovinces. 

The Mondego assemblage shows that, during mid 
Pliocene times, the Atlantic mollusk faunas of West 
Iberia, at this latitude, were already part of a different 
subtropical biogeographical unit (Silva, 2001), homolo¬ 
gous to the Recent French-lberian province of Raffi, 
Stanley & Marasti (1985). The Pliocene Western Iberian 
region was, as nowadays, characterized by cooler SSTs 
(Sea Surface Temperatures) than the more southern 
Mediterranean and West African areas (Silva, 2001). In 
the Early to mid Pliocene (corresponding to the faunistic 
Mediterranean Pliocene Molluscan Unit 1) everywhere 
in the Mediterranean tropical conditions prevailed 
(Monegatti & Raffi, 2001). Therefore, at least since the 
late Early Pliocene, South-Western Atlantic Iberia 
represented the northern boundai*y of what was left of 
the broad Miocene Euro-West African tropical province 
(Monegatti & Raffi, 2001; Silva 2001), by then merely 
encompassing the Atlantic Southern Iberian and West 
African coasts and the Mediterranean; the Mediterra¬ 
nean-West African Pliocene tropical province. 

According to Monegatti & Raffi (2001), the mid 
Pliocene cooling event, registered around 3.0 Ma, has 
had a dramatic impact on Mediterranean Pliocene 
thermophilic taxa. This cooling event was responsible 
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for yet another geographic distribution contraction 
southwards and, this time, for the consequent in¬ 
dividualization of the Mediterranean-Moroccan mol- 
luscan bioprovince and the narrowing of the Eastern 
Atlantic tropical area, generally speaking, to its present 
day limits (Figure 4). It seems that after this cooling 
event, Spiricella iingiiicidns disappeared from West 
Iberian coasts, and became restricted to the wanner 
southern province: the present day Mediterranean- 
Moroccan subtropical province. 

CONCLUSION 

The discovery of Spiricella iiuguiciihis in the Pliocene of 
the Mondego Basin fills the gap up until now existing 
in the Oligocene to Recent geological distribution of 
the species. 

Although the overall recorded occurrences of the 
species are rare, the Oligocene to Recent geographical 
distribution of S. inigiiiculiis appears to have undergone 
a sharp southward contraction. This contraction is in 
accordance with the general biogeographic trend 
obsewed with other Atlanto-Mediterranean mollusk 
taxa (e.g., Silva et al., 2000; Monegatti & Raffi, 2001; 
La Perna et al. 2003), and supports the hypothesis of 
a Neogene Northern Atlantic cooling scenario (e.g., 
Stanley & Ruddiman, 1995; Monegatti & Raffi, 2001; 
Zachos et al. 2001). 

Acknowledgments. The authors wish to acknowledge colleague 
Robert Marquet (Department of Palaeontology, Koninklijk 
Belgisch Instituut voor Natuurwetenschappen) for his help in 
the identification of the Portuguese Spiricella specimen. 

LITERATURE CITED 

Anderson, H.-J. 1964. Die miocaiie Reinbek-Stufc in Nord- 
und Westdeutschland und ihre Mollusken-Fauna. For- 
tschritte in der Geologic von Rheinlandd und Westfalen 
14:31-368. 

Angioy, M. & K. Nicolay. 1993. Jewels from shell-grit. La 
Conchiglia 25(268); 19-21. 

Brebion, Pn. 1974. Les gasteropodes du miocene atlantique. 

Memoires du BRGM 78:279-285. 

CachAo, M. 1990. Posicionamento Biostratigrafico da Jazida 
Pliocenica de Carnide. Gaia 2:11-16. 

Carrozza, F. & R. Rocchini. 1987. Spiricella iingiiicuhis 
Rang, 1827 (Gastropoda, Euthyneura: Umbraculidae) in 
the Mediterranean. Basteria 51:63-65. 

Dale, W. H. 1889. Reports on the results of dredging, under 
supervision of Alexander Agassiz, in the Gulf of Mexico 
(1877-78) and in the Caribbean Sea (1879-80). Bulletin of 
the Museum of Comparative Zoology 18:1-492. 

DEkKER, N. 1987. Un nouveaux gite de Spiricella imgiiiciihis 
Rang, 1827 (Gastropoda, Euthyneura, Umbraculidae). 
Medcdelingen Werkgrocp voor Tertiaire en Kwartairc 
Geologic 24(3):225-227. 

Dell’Angelo, B. & C. M. DA Silva. 2003. Polyplacophora 
from the Pliocene of Vale de Freixo: Central-West 
Portugal. Bollettino Malacologico 39( l-4):7-16. 

Fischer, P. 1880-1887. Manuel de conchyliologic et de 


paleontologic conchyliologique ou histoire naturclle des 
mollusques vivants et fossilcs. Savy: Paris, 1369 pp, 
[Publication dates: pp. 1-112 (1880); pp. 113-304 (1881); 
pp. 305-416 (1882); pp. 417-608 (1883); pp. 609-688 
(1884); pp. 689-896 (1885); pp. 897-1008 (1886); 

pp. 1009-1369 (1887)]. 

Geuze, G. J. & D. F. IIOEKSEMA. 1994. New records of 
Spiricella imguiciiliis Rang, 1827 (Gastropoda Euthy¬ 
neura: Umbraculidae). Basteria 58:225-228. 

Gili, C., C. M. da Silva. & J. Martinell. 1995. Pliocene 
nassariids (Mollusca: Neogastropoda) of central-west 
Portugal. Tertiary Research 15(3):95 110. 

Glibert, M. 1949. Gastropodes du Miocene moycn du Bassin 
dc la Loire, premiere partie. Memoires Institut Royal des 
Sciences Naturelles de Belgique 30:1-240. 

Harzhauser, M., W. E. Piller & F. F. Steininger. 1984. 
Circum-Mediterranean Oligo-Miocene biogcographic 
evolution^ the gastropods point of view. Palaeogeogra- 
phy, Palaeoclimatology, Palacoecology 183:103-133. 

Hoeksema, D. F. & a. W. Janssen. 1984. Rediscovery of the 
marine gastropod Spiricella imguicuhis Rang, 1827 (Eu¬ 
thyneura, Umbraculidae) in Miocene deposits of the 
North Sea Basin and in the Recent fauna of South West 
Europe. Basteria 48:7-11. 

Janssen, A. W. 1984. Mollusken uit het Mioceen van 
Winterswijk-Misl. Een inventarisalie met beschrijvingen 
en afbeeldingen van alle aangetroffen soorten. Konink- 
lijke Ncdcrlandse Natuurhistorische Vereniging, Neder- 
landse Geologische Vereniging & Rijksmuseum van 
Geologic en Mineralogie: Amsterdam. 451 pp. 

Kowalewski, M., K. Gurs, J. H. Nebelsick, W. Osch- 
MANN, W. E. Filler & A. P. Hoefmeister. 2002. 
Multivariate hierarchical analyses of Miocene mollusk 
assemblages of Europe: Paleogeographic, paleoecological, 
and biostragraphic implications. GSA Bulletin 114(2): 
239-256. 

Le Loeuff, P. & R. Von Cosel. 1998. Biodiversity patterns 
of marine benthic fauna on the Atlantic coast of tropical 
Africa in relation to hydroclimatic conditions and 
paleogeographic events. Acta Oecologica 19(3):309-321. 

Lozouet, P. & D. Gourgues. 1995. Seiiilia (Bivalvia: 
Arcidae) et Aimzola (Gastropoda: Olividae) dans le 
Miocene d'Angola et de France, temoin d’unc paleo- 
province Oucst-Africaine. Ualiotis 24:101 108. 

Lozouet, P., J. F. Lesport & P. Renard. 2001. Revision des 
Gastropoda (Mollusca) du Stratotype de TAquitanien 
(Miocene inf.): site de Saucats “Laricy,” Gironde, France. 
Cossmanniana (hors serie) 3:1-189. 

Milne Edwards, H. 1848. Note sur la classification naturelle 
des mollusques gasteropodes. Annales des Sciences 
Naturelles de Paris (serie 3) 9:102-112. 

Monegatti, P. & S. Raffi. 2001. Taxonomic diversity and 
stratigraphic distribution of Mediterranean Pliocene 
bivalves. Palaeogeography, Palaeoclimatology, Palaeoe- 
cology 165:171 193. 

Nolf, D. & C. M. da Silva. 1997. Otolithes de Poissons 
Pliocenes (Plaisancien) de Vale de Freixo, Portugal. 
Revue de Micropaleontologie 40(3):273-282. 

Okada, H. & D. Bukry. 1980. Supplementary modification 
and introduction of code numbers to the low-latitude 
coccolith biostratigraphic zonation. Marine Micropaleon- 
toleontology 5:321-325. 

Peyrot, a. 1932. Conchologic Neogenique de fAquitaine. 
Extrait des Actes de la Socictc Lineenne de Bordeaux 
84(l):5-288. 



Page 26 


The Veliger, Vol. 49, No. 1 


Raffi, S., S. Stanley & R. Marastl R. 1985. Biogeograph¬ 
ic patterns and Plio-Pleistocene extinction of Bivalvia in 
the Mediterranean and southern North Sea. Paleobiology 
ll(4);368-388. 

Rasmussen, L. B. 1968. Molluscan faunas and biostratigra¬ 
phy of the marine younger Miocene formations in 
Denmark, 2. Palaeontology. Geological Survey of Den¬ 
mark 92:1-265. 

Rang, P. C. & C. Des Moulins. 1828. Description de trois 
genres nouveaux de coquille fossile du terrain tertiaire de 
Bordeaux, savoir: Spiricella, par M. Rang, correspondant; 
Gratelupia et Jouamietia, par M. Charles des Moulins, 
president. Bulletin d'Histoire Naturelle de la Societe 
Lineenne de Bordeaux 12:226-255. 

Rogl, F. 1998. Palaeogeographic Considerations for Medi¬ 
terranean and Paratethys seaways (Oligocene to Mio¬ 
cene). Annalen des Naturhistorischen Museums Wien 
99A:279-310. 

Silva, C. M. da., B. M. Landau & J. M. Martinell. 2000. 
The genus Solariella (Mollusca: Archaeogastropoda) 
from the Pliocene of Vale de Freixo, Portugal: Palaeo- 
biogeographic and palaeoclimatic implications. Contribu¬ 
tions to Tertiary and Quaternary Geology 37(3-4):57-65. 

Silva, C. M. da. 2001. Gastropodes Pliocenicos Marinhos de 
Portugal: Sistematica, Paleoecologia, Paleobiologia, Pa- 


leogeografia. PhD Thesis, Faculdade de Ciencias da 
Universidade de Lisboa: Lisbon. 747 pp. 

Sorgenfrei, T. 1958. Molluscan Assemblages from the Marine 
Middle Miocene of South Jutland and their Environments. 
Geological Survey of Denmark 79(2):356-503. 

Stanley, S. M. & W. F. Ruddiman. 1995. Neogene Ice Age 
in the North Atlantic Region: Climatic Changes, Biotic 
Effects, and Forcing Factors. Pp. 117-135 in AAW, 
Effects of Past Global Change on Life. National Academy 
Press: Washington D.C. 

Valdes, A. & P. Lozouet. 2000. Opisthobranch Molluscs 
from the Tertiary of the Aquitaine basin (southwestern 
France), with descriptions of seven new species and a new 
genus. Palaeontology 43(3):457^59. 

Willan, R. C. 1984. The Pleurobranchidae (Opisthobranchia; 
Notaspidea) of the Marshall Islands, central-west Pacific 
Ocean. The Veliger 27(1):37-53. 

Zachos, J., M. Pagani, L. Sloan, E. Thomas & K. Billups. 
2001. Trends, Rhythms, and Aberrations in Global 
Climate 65 Ma to Present. Science 292:686-693. 

Zagwijn, W. H. & H. FIager. 1987. Correlations of 
continental and marine Neogene deposits in the south¬ 
eastern Netherlands and the Lower Rhine district. 
Mededelingen van de Werkgroep voor Tertiaire en 
Kwartaire Geologie 24:59-78. 




